In this paper we investigate the strong decays of the two newly observed bottom-strange mesons 
I. INTRODUCTION
Heavy flavor physics is an interesting research field. In the past three years, a series of the new observations of the heavy flavor hadrons, such as D sJ (2317), D sJ (2460) [1, 2, 3, 5] , D sJ (2860) [6] , D sJ (2715) [7, 8] 17] , and Ξ b [18, 19, 20] , have made the study of heavy flavor physics active and attractive.
Up to now, there only exist two established bottom-strange mesons in Particle Data Group (PDG) [21] . However, recent observations of the two orbitally excited B s mesons announced by CDF [22, 23] and D0 experiments make the bottom-strange mass spectrum The mass spectrum of bottom-strange mesons. The data is taken from particle date group (PDG) [21] and the CDF and D0 experiments [22, 23] .
For heavy-light meson system, we can group it into several doublets in terms of the heavy quark effective theory (HQET), i.e. j The D0 and CDF experiments indicated that B s1 (5830) and B * s2 (5840) correspond to the states respectively with J P = 1 + and J P = 2 + in T doublet [22, 23] .
Before finding B s1 (5830) and B * s2 (5840), many theoretical groups were involved in the study of the properties of heavy-light mesons. In Ref. [24] , the authors studied the masses of P-wave states by the relativistic quark model, then calculated their decay widths using both the pseudoscalar emission model and the flux-tube-breaking model. Eichten, Hill and Quigg estimated the masses and the decay widths of orbitally excited heavy-light mesons by using the heavy quark symmetry, which is supplemented by the insights from the potential model [25] . Ebert, Galkin and Faustov calculated the mass spectrum of the orbitally excited heavy-light mesons according to the relativistic quark model [26] . Then Di Pierro and Eichten carried out a detailed study of the orbital and radial excited heavy mesons [27] . By the effective Lagrangian constructed in the chiral symmetry and the heavy quark limit, Falk and Mehen examined the decays of the excited heavy mesons including the leading power corrections to the heavy quark limit [28] . In the approach of Lattic QCD, the authors of Ref.
[29] obtained the mass spectrum of the excited heavy-light meson. In Ref. [30] , Colangelo, Fazio and Ferrandes studied the structures and the decays of the orbitally excited states.
Matsuki, Morii and Sudoh obtained the mass spectrum of the heavy-light systems by the semi-relativistic quark model [31] . According to the chiral quark model, Zhong and Zhao performed the calculations of the strong decays of the heavy-light mesons [32] . All of the above mentioned work refers to the bottom-strange mesons.
The observations of the two bottom-strange states have inspired our interest in B s1 (5830) and B * s2 (5840), especially in their decay properties. In Ref. [33] , one performed the calculations of the semileptonic decays of B s1 (5830) and B * s2 (5840). At present, the CDF and D0 experiments only carried out the measurements of the masses of B s1 (5830) and B * s2 (5840). However, the total widths of B s1 (5830) and B * s2 (5840) are still missing. Thus the study on their strong decay becomes an interesting and important topic, which will be helpful not only for obtaining the information of the total widths of B s1 (5830) and B * s2 (5840), but also for testing the model applied to the calculation of the strong decay of B s1 (5830) and B * s2 (5840). In this work, we focus on the calculation of the strong decay rates of B s1 (5830) and B * s2 (5840) using the 3 P 0 model. This work is organized as follows. After the introduction, we briefly review the 3 P 0 model.
In Sec. III and Sec. IV, we present the formulation and the numerical result of the two-body and double pion decays of B s1 (5830) and B * s2 (5840), respectively. The last section is a short summary.
II. A REVIEW OF THE
In this work we use the 3 P 0 model [34, 35, 36, 37, 38, 39, 40] , also known as the Quark Pair Creation (QPC) model, to calculate the strong decays of B s1 (5830) and B * s2 (5840). This model is applicable to Okubo-Zweig-Iizuka (OZI) allowed strong decays of a hadron into two other hadrons, which are expected to be the dominant decay modes of a meson if they are allowed. The 3 P 0 model has been widely used since it is successful when applied extensively to the calculation of the strong decay of hadron [41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51] . In the QPC model, the heavy meson decay occurs via a quark-antiquark pair production from the vacuum, which is depicted in Fig. 2 . The created quark pair is of the quantum number of the vacuum, 0 ++ [34, 35] . In the non-relativistic limit, the transition operator is expressed as
where i and j are the SU(3)-color indices of the created quark and anti-quark. ϕ 
is the ℓth solid harmonic polynomial. γ is a dimensionless constant which denotes the strength of quark pair creation from vacuum and can be extracted by fitting data. We adopt the mock state to describe the meson with the
which satisfies the normalization conditions
The subscripts 1 and 2 in (2) refer to the quark and the anti-quark within the meson A, respectively. K A is the momentum of the meson A. S A = s q 1 + s q 2 is the total spin.
J A = L A + S A denotes the total angular momentum.
For A → B + C process, the S-matrix is depicted as
In the center of the mass frame of the meson A, K A = 0 and
The spatial integral I
The rest of the model is just to describe the overlap of the initial meson (A) and the created pair with the two final mesons (B and C), and then finally to calculate the probability that the rearrangement will occur. The radial portions of the meson space wavefunction can be expressed in certain functional forms, which encompass the simple harmonic oscillator (HO)
where P(k 2 ) is the polynomial of k 2 . k is the relative momentum between the quark and the anti-quark within a meson. For example, meson A is composed of quark 1 and anti-quark
. N nL denotes the normalization coefficient. In this work, for the decay channels of interest, what we need is only the lowest two states without the radical excitation, i.e.
where k µ is the spherical component of the vector k, which is defined as
In terms of Wigner's 9j symbol, the spin matrix element can be written as [37] 
With the transition amplitude obtained in (8) , the helicity amplitude
The decay width for the process A → BC in terms of the helicity amplitude is
For the sake of convenience, one usually works out the partial wave amplitude first via the
where
Then one calculates the decay width in terms of the partial wave amplitude
where |K|, as mentioned above, is the three momentum of the daughter mesons in the parent's center of mass frame.
III. TWO-BODY STRONG DECAYS
The two-body strong decays of B s1 (5830) 0 and B * s2 (5840) 0 allowed by the phase space
Due to the conservations of the angular momentum and the parity, the BK decay mode for
Before entering the calculation, we firstly introduce the component of B s1 (5830) 0 with
0 is usually considered as the mixture of the two basis
where θ is the mixing angle with θ = − tan
• based on the estimate in the heavy quark limit. However, one can not determine the exact value of θ when m Q is finite.
In Ref. [54] , Dai and Zhu indicated that there does not exist a large difference between the value of θ for the case of m Q → f inity and that for the case of m Q → ∞.
By the 3 P 0 model, we obtain a general relationship between S-wave (D-wave) decay amplitude of sb( 1 P 1 ) → B * K and that of sb(
Further the amplitude squared of 1 + → B * K decay can be expressed as
with Fig. 3, one shows the interference between the S-wave (D-wave) decay amplitudes of | 1 P 1 and | 3 P 1 states is contrary to that of 1 + state in S doublet when taking θ = −54.7
• . This is the reason for the total widths of 1 + states existing in S and T doublets being wide and narrow respectively. In Table I include the strength of the quark pair creation from the vacuum and the R value in the HO wave function listed in Table II . As a dimensionless parameter in the 3 P 0 model, γ is taken as 6.9 [55] , which is √ 96π times larger than that used by the other groups [56, 57] . The R value in the HO wave function can be fixed to reproduce the realistic root mean square (RMS) radius by solving the schrödinger equation with the linear potential [24] . indicates that the S-wave partial wave decay width can be ignored comparing with that of the D-wave when taking θ = −54.7
• , which is consistent with the result in quark model.
In Table IV , we further compare our numerical results of the two-body strong decays of B s1 (5840) and B * s2 (5840) with the theoretical values calculated by the other models. For the B s1 (5830) 0 → B * K decay rate, our result is far smaller than that from Ref. [30] and is the same order of magnitude as those of Refs. [28, 32] . The rates of B s2 (5840) → BK process predicted by the different models are consistent with each other at the order of magnitude. rate from Ref. [30] and that from our calculation while the results in Refs. [25, 32] are consistent with our result. Thus, we expect the experimental measurement of the two-body decay rates of B s1 (5840) and B * s2 (5840), which will be helpful not only for clarifying the mist but also for further testing the different effective models. One also notices that the ratio of
s2 (5840) → BK) can provide the useful information to test the model. In this work, we obtain
which is close to the value 6% from the chiral quark model in Ref. [32] . The results shown in diagrams (a) and (b) of Fig. 5 also indicate the ratio ζ is a constant basically, which is not varied with the R value in the HO wave function to some extent.
IV. DOUBLE PION DECAYS
By our calculation of the two-body strong decays of B s1 (5830) and B * s2 (5840), we learn that both B s1 (5830) and B * s2 (5840) are the two states with the narrow widths. Thus, the double pion decay of B s1 (5830) 6. In the following, we consider the f 0 (980) and σ contributions to estimate the double pion decay rates of B s1 (5830) and B * s2 (5840). The general expression of the decay width of the two pion decay of B s1 (5830) 0 and
where A and B denote the initial and final bottom-strange mesons in the two pion process of B s1 (5830) 0 and B * s2 (5840) 0 .
The interaction of scalar state (S = f 0 (980), σ) with the two pions is described by the effective Lagrangian
By the total widths of f 0 (980) (Γ f 0 = 40 ∼ 100 MeV) and σ (Γ σ = 600 ∼ 1000 MeV), one
obtains the values of the coupling constant g f 0 = 0.83 ∼ 1.3 GeV and g σ = 2.6 ∼ 3.4 GeV.
Here we take m σ = 600 MeV [21] . Thus the amplitude Γ S→π+π can be expressed as
with p 1 (r) = (r − 4m 2 π )/4. λ is taken as √ 2 and 1 for π + π − and π 0 π 0 , respectively. The strength of ss creation satisfies γ s = γ/ √ 3 [36] due to the flavor dependence of the strength of quark pair creation [36, 60] . The relevant transition elements are shown in Table   V . The factor α S in Table V is from the flavor wavefunction of σ and f 0 (980)
where ϕ = −48
• ± 6
• due to the observation of f 0 (980) → γγ decay mode [61] . Here α σ = 1/ √ 3 and α f 0 = sin ϕ. Using eq. (15), we obtain Γ A→B+S (r) in eq. (18).
In Fig. 7 , the dependence of the double pion decay of B s1 (5830) 0 on the mixing angle is given. We also present the variation of B * Table VI when taking the mixing angle θ = −54.7
• and the R value listed in Table II .
Mode
Decay amplitude Here functions I
are listed in the appendix. 
V. SHORT SUMMARY
In this work, we study the two-body strong decays and the double pion decays of the newly observed B s1 (5830) and B * s2 (5840) in the framework of the 3 P 0 model. Our result shows that the two-body strong decay widths of B s1 (5830) and B * s2 (5840) are about 98 keV and 5.0 MeV, respectively, when we choose the fixed parameter presented in Sec. III. Mode BK and B * K . Since the two-body strong decay is the dominant decay mode for B s1 (5830) and B * s2 (5840), thus one expects that the total decay widths of B s1 (5830) and B * s2 (5840) are almost not far away from their two-body decay widths at the order of magnitude.
We also calculate the double pion decay of B s1 (5830) and B * s2 (5840) by assuming the double pion from σ and f 0 (980). The double pion decay widths are of the order of a few keV and up to the order of magnitude of a few tens of keV for B s1 (5830) and B * s2 (5840), respectively. Although the double pion decay widths of B s1 (5830) and B * s2 (5840) are smaller than those of their two-body strong decay, the double pion decay rates of B s1 (5830) and B * s2 (5840) are sizable. Thus we suggest future experiments to search the double pion decay mode of B s1 (5830) and B * s2 (5840).
Up to now, the experimental values of the total width of B s1 (5830) and B * s2 (5840) have not been given. To some extent, our study is instructive for finally determining the total width of the two newly observed B s meson in the following experiments. Of course it is also a good way to further test the 3 P 0 model and other effective models. 
The parameters ∆, ζ and η are defined as GeV, m b = 1.977 GeV [24] .
The concrete calculations of the integration are trivial. After choosing the direction of K along z axis, we obtain the expressions I ±,0 in Table I I 
The explicit results are
I 101 = I −10−1 = 4 
